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Introduction
Sarcoidosis is a systemic disease of unknown etiology, which is characterized by the development of non-necrotizing epithelioid granulomas in involved organs [1] . The course of the disease is unpredictable: spontaneous remission may occur while 20 to 70% of the patients will need a systemic therapy, for which oral corticosteroids are considered as the first-line option [1] [2] [3] . Relapse arises in 37 to 74% of treated patients [4] . Biologically, an elevated ACE is found in 60% of the patients [5] . Other parameters, such as interleukin-2 receptor, neopterin, or chitotriosidase, have been proposed for monitoring the activity of the disease, nevertheless their prognosis value needs to be confirmed, and their accessibility in routine practice is limited [6] [7] [8] . Hypergammaglobulinemia is frequently observed among sarcoidosis patients, but its relation to the disease's course has not been established [9, 10] . It has been suggested that elevated immunoglobulins or circulating immune-complex may be correlated to the disease's course [11, 12] , nonetheless no recent study has aimed to further explore this hypothesis to our knowledge [13] . As immunoglobulin level is highly influenced by many factors such as corticosteroid treatment or intercurrent infections, it is not appropriate for monitoring the disease's activity. However, serum protein electrophoresis (SPE) is frequently performed at diagnosis, and easily accessible in routine practice. Hence, the aim of our study was to investigate the potential role of the immunoglobulin level at the time of diagnosis for predicting the disease's course.
Methods

Study design
We conducted a retrospective cohort study in Rennes University Hospital, a tertiary care center referral for rare pulmonary diseases, between January, 1 st 2006 and December, 31 st 2014.
All of the data used in this study existed prior to the study and the request for ethic approval, and was collected as part of standard medical procedure. The authors had access to the identity of included patients. Ethics approval was received from the Rennes University Hospital ethics committee (number 16.65, 2016, June 6 th ). The need for consent was waived by the ethics committee for this particular study, and only the non-opposition of participating patients had to be collected. Therefore, all patients received a written information about the study and were given the possibility to decline to participate by completing and returning an opposition form which was specific to this particular study. Minors were not included. All patients newly diagnosed with sarcoidosis during the study period were included. Potential cases were retrieved from the institutional clinical data warehouse, eHOP software [14] , and their medical records were individually reviewed. Sarcoidosis was diagnosed in accordance with the American Thoracic Society and World Association of Sarcoidosis and Other Granulomatous disorders (WASOG) criteria [2] . Histological confirmation was not needed for patients presenting with typical Löfgren's syndrome [1, 2] . The time of diagnosis was defined as the date of the first positive histopathological result or the date of the clinical diagnosis.
Inclusion required for a SPE to have been performed in our center within 3 months from diagnosis, before any systemic anti-sarcoidosis medication was started, and for the patients not to have been exposed to corticosteroids within a period of 4 month prior to SPE. Patients with chronic diseases that affect immunoglobulins amount and function (e.g primary immune deficiency, cirrhosis, hemopathy, HIV infection) were excluded. Patients were followed up for 2 years, in accordance with previous studies addressing the disease's prognosis [15, 16] . The primary outcome was the need for corticosteroid (CS) treatment. The decision to treat was taken according to guidelines [1, 2, 17] . The secondary outcome was the association between the baseline gammaglobulin level and the occurrence of relapse. Organ involvement was determined using the 2014 WASOG assessment instrument, and only involvements classified as "highly probable" or "at least probable" were considered [18, 19] . Organ involvements were deemed extra-pulmonary if they did not involve lungs or mediastinal lymph nodes. Neither hypercalcemia, nor Löfgren's syndrome or erythema nodosum were considered as extra-pulmonary involvement. Visceral involvement was defined by the involvement of the heart, liver, central nervous system, kidney or spleen. Relapse was defined by the necessity of escalating CS therapy due to progressive disease, or of resuming CS therapy after cessation [20] .
Between January 1 st 2006 and December 31 st 2014, sarcoidosis was diagnosed according to WASOG criteria in 97 patients in our center. SPE had been performed at diagnosis in 82 of them. Among those, one had received corticosteroids within one month prior to diagnosis, and one refused to participate. Consequently, 80 patients were finally included in the analysis. Three patients were excluded during the follow-up period: 2 were lost to follow up, and one developed multiple myeloma requiring chemotherapy. All of these 3 patients were included in the analysis for main outcome, as the severity of their disease brought the need for CS treatment before they were excluded from the analysis. They were not analyzed for secondary outcome as they didn't complete the follow up period (Fig 1) . 
Demographics and clinical data collection
Statistical analysis
Quantitative variables are given with their mean±SD or with their median and interquartile range (IQR) depending on their distribution. Comparison between quantitative variables were analyzed by conducting Student or Mann Whitney U test. The analysis of predictive factors associated with study outcomes were conducted by logistic regression using Firth method for correction of bias. Results are given with their Odds-Ratio (OR) and 95% confidence interval (CI95%). All variables were studied in univariate analysis. Factors for which the corresponding p-value was <0.10 were included in multivariate analysis and a stepwise selection procedure was applied to get the final models. Missing data were taken into account with the use of the multiple imputation by chained equations procedure. Five datasets were imputed to perform analyses. We followed Rubin's rules to obtain the final results. The rates of missing data were in every case in the range of 0-6% (variables associated with the highest rates of missing data were TLC and DLCO with a rate of 6%). In order to test specifically the prognostic value of serum immunoglobulin level, this variable was added separately into the logistic regression model, and the area under curve (AUC) of the two predictive models (without immunoglobulin level and after including immunoglobulin level) were compared, and the likelihood ratio was calculated. Analysis were conducted with R version 3.3.3. software.
Results
Characteristics of the study population
Mean age of the patients was 39.0±14.69 years, sex ratio (f/m) was 1.5. Regarding ethnicity, 69 (86.25%) patients were Caucasian, 8 (10%)were Afro-Caribbean. Forty-four (55%) patients had an extra-pulmonary involvement at diagnosis. Chest X-ray showed a stage 1 in most of the patients (n = 38, 47.5%). Median immunoglobulin level was 12.90 g/l (10.17-14.57, extremes 8.1-35.9). Thirty-three (41.25%) patients presented a hypergammaglobulinemia >13.5g/l. A CS therapy was needed for 37 (46.25%) patients during the study period. Population characteristics are presented in Table 1 .
Relation of immunoglobulin level to individual features
Median immunoglobulin level was significantly higher in Afro-Caribbean patients (19.45 versus 12.56 g/l, p<0.001) and in patients presenting an extra-pulmonary involvement (13.65 versus 11.85, p = 0.016). Patients presenting a Löfgren's syndrome had a lower immunoglobulin level (10.90 versus 13.55, p = 0.011). We found a relation neither between immunoglobulin level and ACE level (p = 0.11), nor with a decrease in pulmonary function test parameters. Patients who necessitated a corticosteroid treatment during the study period and those who presented a relapse had a significantly higher immunoglobulin level (13.60 versus 12.40 g/l, p = 0.036 and 15.15 versus 12.53g/l, p = 0.014, respectively) ( Table 2) .
Results for main outcome
In univariate analysis, neither the immunoglobulin level at diagnosis, nor hypergammaglobulinemia, were associated with CS treatment (OR = 1.1, CI95% 1-1.3, p = 0.059 and OR = 2, CI95% 0.79-5.2, p = 0.137, respectively). Factors that were predictive of the need for treatment were the Afro-Caribbean origin (OR = 24, CI95% 1-554, p = 0.049), an ACE level >70 U/L (OR = 6.2, CI95% 2.2-17, p<0.001), extra-pulmonary involvement (OR = 6.7, CI95% = 2.4-19, p<0.001) including cutaneous localization (OR = 7.7, CI95% = 1.1-55, p = 0.041), ENT (OR = 7.7, IC95% = 1.1-55, p = 0.041) and lymph nodes involvement (OR = 5.6, CI95% 1.7-18, p = 0.004). Löfg-ren's syndrome was associated with treatment non-necessity (OR = 0.097, CI95% 0.027-0.35, p<0.001). The results of the univariate analysis are shown in Table 3 . In multivariate analysis, both extra-pulmonary involvement (OR = 5.8, CI95% 1.4-24, p = 0.0152) and an elevated ACE (OR = 1.03, CI95% = 1.01-1.05, p = 0.009, meaning that each elevation of one unit of ACE increased the probability for treatment of 3%) were predictive of the need for CS (Table 4 , Model 1). These findings remained unchanged after including the immunoglobulin level into the logistic regression model (Table 4 , Model 2). The likelihood ratio for the two models was 1, reflecting the absence of influence of the immunoglobulin level on the main outcome.
Results for secondary outcome
Relapse was analyzed in the 34 patients who received CS and were followed for two years.Their characteristics are presented in an additional table (S1 Table) . A relapse occurred in 10 of them. The duration of exposure to the secondary outcome was comparable (22 months from start of treatment to end of study in patients with relapse versus 20 months for non-relapsing patients, p = 0.24). In univariate analysis, we didn't find any factors that predict relapse. Particularly, neither the immunoglobulin level (OR = 1.1, CI 95% 0.96-1.4, p = 0.122), nor hypergammaglobulinemia (OR = 5.5, CI95% 0.97-32, p = 0.054) were associated with relapse (Table 3) . In multivariate analysis, variables which were retained in the model were dyspnea (OR = 5.1, CI95% 0.85-31, p = 0.07) and visceral involvement (OR = 5.7, CI95% 0.87-38, two models favored the second one (p = 0.012), and the derivation area under curve was 0.77 (CI95%: 0.56-0.97) for model 2, comprising immunoglobulins, whereas it was 0.63 (CI95%: 0.41-0.85, non-significant) for model 1.
Discussion
At the end, although the patients who required CS therapy and those who experienced a relapse had a higher baseline immunoglobulin level, our results show that such a parameter is not of interest for predicting the need for CS therapy during the first 2 years following diagnosis. Among study parameters, only ACE and extra-pulmonary involvement were found to be associated with the main outcome. In our study, 41.25% of the patients had a hypergammaglobulinemia at diagnosis, an intermediate value compared to those found in other studies [11, 21] .
Patients from Afro-Caribbean ethnicity had a higher rate of serum immunoglobulin compared to Caucasians (19.45 versus 12.56 g/l, p<0.001). This finding is in line with the results of Kataria and Stilzbach [11, 22] . Group comparison analysis revealed that patients undergoing corticosteroid therapy had a higher immunoglobulin level than the non-treated patients (13.6 versus 12.4 g/l, p = 0.036). Treated patients who experienced a relapse had a higher rate of immunoglobulin as well (15.15 versus 12.53 g/l, p = 0.014). Multiple logistic regression showed that the serum immunoglobulin level was associated neither with disease severity as assessed by the need for CS therapy, nor with the occurrence of relapse. In multivariate analysis, extra-pulmonary involvement at diagnosis was associated with CS therapy (OR = 5.8, CI95% 1.4-24, p = 0.015). We used a stepwise selection procedure to identify the final predictors. This procedure is known to potentially fail at identifying the true predictors. However, our findings are consistent with previous studies, which showed that initial extra-pulmonary involvement entails a worsening in the disease's course resulting in additional organs involvements [16, 23] . An elevated ACE was also predictive of the need for treatment, and this result is in line with many studies which have discussed the potential role of ACE for monitoring disease activity [24, 25] . Nevertheless, whether ACE is a reliable marker of disease activity remains very controversial. Moreover, its reliability suffers from significant individual variations even in healthy subjects, mainly due to genetic polymorphism: thus, we should remain very cautious regarding its interpretation [26] [27] [28] . Finally, we observed a clear-although not significant-trend on the association between the Afro-Caribbean ethnicity and the need for treatment. As already shown in previous studies, black ethnicity is associated with more severe forms of the disease [29] [30] [31] [32] , to a more frequent need for systemic therapy [30] . and to a higher mortality [33, 34] . Although there was also no association between black ethnicity and treatment in a study conducted by Baughman [35] , the non-significance of this result in the present study may be due to insufficient power as few black patients were included.
There are several limitations to our study. First of all, the number of patients (n = 80) may have impaired the statistical power of our analysis. Indeed, our inclusion criteria were very restrictive, and only the patients whose diagnosis was histologically confirmed or who presented a typical Löfgren's syndrome were considered, in accordance to international WASOG criteria [1, 2] . Nonetheless, these criteria may be too restrictive: it has been shown that a typical presentation on chest CT-scan, and hyperlymphocytosis with a CD4/CD8 ratio greater than 3.5 on broncho-alveolar lavage, combined with the exclusion of other possible diagnosis, are highly predictive of sarcoidosis [36, 37] . Then, the possibility of retaining the diagnosis in such patients should be discussed: we may consider the sarcoidosis as "probable" in cases fulfilling these criteria, whereas it would be classified as "certain" once histological proof is obtained. The secondary outcome is limited by the few relapses observed: indeed, only 10 relapses occurred, concerning 29.4% of the 34 treated patients followed-up for 2 years. This is principally due to the definition employed: we made the choice to consider the relapse only among the patients who received or had received a treatment. As a consensual international definition of relapse is lacking, we aimed to avoid confusion between relapse and disease progression, which could be defined by the need of introducing a treatment due to disease aggravation after a period of stability [17, 20] . Including this feature of the disease into the analysis would have biased the main outcome. Furthermore, CS therapy on its own may be associated with a higher risk of relapse [15, 17, 38] , and limiting the assessment of relapse to the treated patients rather than assessing the whole population permitted to prevent this interaction bias. Another explication to the low number of relapses is the duration of follow-up, limited to 2 years. Thereby, only early relapses were studied. However, the risk of relapse lasts for many years over the disease's course, and our results do not reflect the global risk of relapse of sarcoidosis, as it was not our purpose [3, 4, 17] .
Moreover, the risk of relapse is highest in the year following therapy disruption: in our study 20 out of the 34 treated patients were still receiving therapy at the end of follow up, thus carrying a lower potentiality of relapse [4] . On top of that, the risk of relapse is higher in black patients, who were a small number in our cohort. Finally, the relapse rate observed in our study is comparable to the study of Rizzato et al., which was also conducted in an essentially Caucasian population [4] . It is worth noting that the inclusion of the immunoglobulin level variable improved substantially the predicting capacity for relapse of the model, which implies that immunoglobulin level at diagnosis may be of interest for predicting relapse. This hypothesis needs to be further investigated in larger studies.
Conclusions
In this cohort study including 80 patients followed for two years after sarcoidosis was diagnosed, we didn't find an association between the immunoglobulin level at baseline and the need for CS therapy or the occurrence of relapse. Nevertheless, the patients requiring a treatment and those who experienced a relapse had a higher level of immunoglobulin, as well as Afro-Caribbean patients. The immunoglobulin level statistically improved the capacity of the model to predict relapse, bringing the need for further larger studies to confirm its potential prognosis value. Furthermore, a significant association was found between initial extra-pulmonary involvement or an elevated ACE and the need for CS therapy. 
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